The oxidation state of the transition metal (Mt) active centre is the most disputable question in the polymerization of olefins by Ziegler-Natta (ZN) and metallocene complexes. In this paper the importance and the changes of the Mt active centres are presented and discussed on the basis of a charge percolation mechanism (CPM) of olefin polymerization. Mt atoms can exist in different oxidation states and can be easily transformed from one to another state during activation. In all cases, the Mt atoms are present in several oxidation states, i.e., Mt +(n-1) , Mt +(n) to Mt +(n+1) , producing an irregular charge distribution over the support surface. There is a tendency to equalize the oxidation states by a charge transfer from Mt +(n-1) (donor) to Mt +(n+1) (acceptor). This cannot occur since the different oxidation states are highly separated on the support. However, monomer molecules are adsorbed on the support producing clusters with stacked p-bonds, making a p-bond bridge between a donor and an acceptor. Once a bridge is formed (percolation moment), charge transfer occurs. The donor and acceptor equalize their oxidation states simultaneously with the polymerization of the monomer. The polymer chain is desorbed from the support, freeing the surface for subsequent monomer adsorption. The whole process is repeated with the oxidation-reduction of other donor-acceptor ensembles.
INTRODUCTION
In 1953 and 1954, K. Ziegler and G. Natta, respectively, discovered that olefin monomers can be polymerized by catalysts containing mixtures of metal alkyls and transition metals (Mt) salts, 1 such as AlEt 3 and TiCl 4 . Almost simultaneously, it was discovered that Mt oxides could be used as precursors of active centres for olefin polymerization. Since that time, a tremendous amount of research has brought about the development of several generations of catalysts, including supported ones. In the 1980-ties, Kaminsky 2 found that metallocenes activated by aluminoxanes can polymerize olefins and vinyl monomers. Despite very great commercial achievements in the production of polyolefins and other synthetic polymers, there is a lack of an adequate theoretical explanation of ZN polymerization. It is believed that the polymer chain propagates by insertion of monomer molecules between the Mt and the polymer chain. There are many experimental results which refute the insertion mechanism. The crucial question is: what is the oxidation state of the Mt in the active centre? The answer has yet to be found. It is generally accepted that the insertion mechanism has not been confirmed.
Instead of the insertion mechanism, a charge percolation mechanism (CPM) of ZN polymerizations has been proposed. [3] [4] [5] [6] The fundamentals of CPM were presented in Part I of this work, 5 while the importance of Mt distribution over the fragmented support were presented in Part II. 6 In this paper, based on the CPM, the importance of the oxidation states of the transition metal is enlightened.
CURRENT EXPLANATION -INSERTION MECHANISM
According to the broad definition, 1 a Ziegler-Natta catalyst is a mixture of a metal alkyl of a base metal of groups I to III and a salt of a transition metal of groups IV to VIII. In addition to these, some Mt oxides (e.g. chromium, vanadium, molybdenum) can also serve as active centre precursors. The most important catalysts from the scientific and commercial viewpoints are the systems:
1. Classical Ziegler-Natta complexes, i.e., TiCl 3 In spite of the differences in the chemical nature of those complexes, the same insertion mechanism is proposed for all of them. In this section, a concise, generalised and simplified scheme of currently accepted explanations, not going into the details of the chemical reactions and of the mechanisms that are described in the literature, 1, 7, 8 will be presented.
Transition metal alkylation and vacant orbital formation
Mt precursors (generalised here as L 2 MtCl 2 , where L is some ligand and Mt is a transition metal atom) are activated by a metal alkyl (i.e., aluminium alkyl derivatives AlR 3 ). An alkyl group and a vacant orbital are formed on the Mt (1). Mt oxides are activated by monomer molecules. 9
Role of support
Active centres obtained by reaction (1) are immobilized on some support (Fig. 1) . TiCl 3 is a support in a case of classical Ziegler-Natta systems. 1 Usually, MgCl 2 is the support [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] for TiCl 4 , but graphite, 21, 22 14, 25, 26, [28] [29] [30] [31] [32] [33] [34] It has been confirmed that the immobilization of the active centres on a support might prevent their deactivation by bimolecular processes, because the active centres (Mt * ) are situated too far from each other. 29, 33 
Mechanism of chain propagation
Friedlander and Oita 35 gave one of the first interpretations of chain propagation (Fig. 2) . They proposed a radical (or ion or ion-radical) mechanism. The Mt atoms are bound in the surface. The growing polymer end zips up the olefin molecules adsorbed on the surface. As the polymer is desorbed, more monomer is adsorbed in its place. The surface layer provides a proper orientation for the monomer. Other authors proposed similar mechanisms. 1 It was proved, however, that there are no such radical and ionic species in the system. This mechanism was rejected together with the proposal about the adsorption and proper orientation of the monomer on the surface of the support.
Several other mechanisms were proposed, 1,36 but the insertion mechanism given by Arlman and Cossee 37, 38 was generally accepted. A monomer molecule is adsorbed and coordinated to the empty orbital of the Mt making a complex (2a), and then it is inserted between the Mt ion and the carbon atom of an alkyl group (2b).
Oxidation states of transition metals
The characteristic of a Mt is that it can exist in different oxidation states and can be easily transformed from one oxidation state to another. Titanium, zirconium and hafnium can be +2, +3 and +4. Chromium can be +2, +3, +4, +5 and +6. The oxidation states of the Mt precursors and active centres for olefin polymerization are changed during the preparation, activation, polymerization and deactivation processes.
Alkyl aluminium compounds are strong reducing agents. In addition to the described activation process (1), it was noticed that the Mt is reduced during preparation and activation from a high to a lower oxidation state (3) . Also, the chromate Cr +6 species are reduced to Cr +2 species during activation by aluminium alkyls, by carbon monoxide or by monomer.
If the Mt precursor atoms are initially in a low oxidation state, they are partially oxidized to a higher oxidation state. For example, some Cr +3 compounds (chromium acetate or chromium nitride) have been used as starting raw materials, but their Cr +3 atoms have to be oxidized to Cr +6 by calcination in the presence of oxygen. As a result of preparation and activation, the Mt appears in several oxidation states, i.e., Mt +4 , Mt +3 and Mt +2 in the case of Ti, Zr and Hf, or from Cr +2 to Cr +6 in the case of chromium oxide. 1 Reaction (3) occurs in the absence of monomer. It was noticed, however, that the oxidation states of the Mt ions are changed in the presence of monomer (4) . Mt +4 and Mt +2 are transformed to Mt +3 .
Active centres are deactivated during the polymerization. It was noticed that Mt +4 is reduced to Mt +3 during the deactivation. Deactivation is second order with respect to the Mt concentration. It is enhanced in the presence of monomer. It was proposed 12, 13 for the metallocene/MAO systems that a monomer molecule makes a bridge between two adjacent active centres (5a) and/or that polymer detachment occurs after hydrogen transfer (5b). Simultaneously, two Mt ions are reduced from Zr +4 to Zr +3 .
Monomer adsorption
The importance of monomer adsorption for the polymerization was suggested immediately after the discovery of Ziegler-Natta catalysts because it was believed that a polymer chain propagates by the addition of adsorbed monomer molecules to an active centre. 1, 35 Very soon after the discovery of ZN polymerization, however, the insertion mechanism was proposed and generally accepted. Hence, polymer scientists have interpreted the results of adsorption exclusively in the light of monomer interactions with Mt active centres (adsorption, coordination and insertion). The possibility that monomers are adsorbed on the support surface even in the absence of a transition Mt was almost completely neglected. Hence, monomer adsorption on the surface of supports which are used in ZN polymerizations was not thoroughly researched. An exception is a study in which it was shown that the maximum adsorptivity of propene on several inorganic supports (in the absence of Mt active cetres) corresponds to the maximum polymerizability (in the presence of Mt active centres). 39 On the other hand, there are many investigations [40] [41] [42] [43] [44] [45] [46] [47] [48] on the adsorption of olefins (ethene, propene, butene-1, butene-2, 1,4-pentadienel, styrene, etc.) on various supports (metals, metal oxides, silica, aluminium oxide, aluminosilicates, zeolite, etc.), in which the aim was to investigate olefin hydrogenation, oxidation, isomerization and other processes, such as olefin/paraffin separation by adsorption. 49, 50 It is evident that olefins are adsorbed on various supports, producing mono-layers, even in the absence of a transition Mt. It is out of the scope of this ar-ticle to present details of these results and how their importance for polymerization have been interpreted. 4 
Problems unresolved by current explanations
Despite the large number of theoretical and experimental investigations, the detailed structure of active centres and particularly the role of the catalyst precursor(s) have never been understood. Even the actual oxidation number(s) of the Mt in the catalytic centres of different catalyst systems has not been fully clarified. 51 A large number of questions 1, 8, 51 arising from the experimental results are still unanswered:
-The detailed structure of the active centres has never been understood.
-What is the oxidation state of an active centre? -Are the active centres uniform or non-uniform? -Does the alkylaluminium participate in the active centres? -How can the rate equations be correlated to the insertion mechanism? -What is the exact role of the support? -Why is the full polymerization activity only observed when the support/Mt ratio is extremely high?
-What are the roles of electron donors, hydrogen, MAO and other components?
There are many unanswered questions concerning the controversies of the current explanation and polymer structure, too. Hence, it has been concluded that, despite the intense research activity, a definite, unequivocal polymerization mechanism has yet to be defined which would describe the behaviour of metallocene and Ziegler-Natta catalysts. 26 In spite of the improvements in catalyst technology, there is still much to be learned about the elementary steps in the polymerization of olefins. 52 Boor 1 stated, however, "Each worker has examined some aspect of the problem and has given his view of what is happening. The findings are similar to pieces of a puzzle which have to be coupled to form the whole picture; only here, some critical pieces are still missing". CHARGE PERCOLATION MECHANISM [3] [4] [5] [6] If all the above-mentioned experimental findings are coupled, the whole puzzle picture asked for by Boor has been formed as it is presented in Fig. 3 . Only here, some critical pieces are still missing. In order to find them it is necessary to clarify and to combine the processes of coordination, oxido-reduction of the Mt and active centre deactivation, i.e., reactions (2a), (4) and (5), all in the presence of monomer.
In all cases of ZN polymerization, the Mt atoms exist in several oxidation states (Mt +2 , Mt +3 , Mt +4 , etc.) producing an irregular charge distribution over the support surface. The tendency to equalize the oxidation states into Mt +3 by charge transfer from donor (e.g., Mt +2 ) to acceptor (e.g., Mt +4 ) cannot be performed, however, since Mt +2 and Mt +4 are immobilized and highly separated on the support (Fig. 1) . However, monomer molecules can help. They are adsorbed on the support. The immobilized Mt ions on the surface are surrounded by an adsorbed monomer film. A cluster of monomer molecules with overlapping p-bonds, as a part of monomer film, connects the two immobilized Mt ions (Fig. 4, upper part) .
The terminal monomer molecules, adjacent to the acceptor (Mt +4 ) and the donor (Mt +2 ), are inserted in their vacancies, making p-complexes with them, if the shape and size of monomer molecules are in the accordance with the vacant spaces of the active centres. Thus, monomer molecules make p-electron cloud bridge between Mt +4 and Mt +2 . The whole p-electron cloud will be pulled toward Mt +4 , since it has a more positive charge than Mt +2 . (Elecronegativity 53 of Ti +4 is 1.6, while that of Ti +2 is 1.1). Thus, the monomer cluster is excited, i.e., the p-electrons are displaced toward Mt +4 , producing a partially negative charge on the Mt +4 side and a partially positive charge on the Mt +2 side of the monomer cluster. The monomer cluster behaves as an excited complex, i.e., as an exciplex. The displacement of p-electrons attracts a proton from the alkyl group of Mt +4 to the terminal monomer molecule, leaving an electron pair on the alkyl group. Simultaneously, a partially positive charge is formed on the terminal monomer of the Mt +2 side of the cluster, a proton is repelled and moved to Mt +2 . The electron pair, left on the terminal monomer molecule, enables the simultaneous polymerization of all monomer molecules belonging to the bridge between Mt +2 and Mt +4 . The electron pair, left on alkyl group, moves to the empty orbital of Mt +4 . (This is the well known agostic effect which is very important for olefin polymerization by transition Mt. 54 ) Transition metals ions, i.e., Mt +2 and Mt +4 , equalize their oxidation states to Mt +3 simultaneously with the polymerization of monomer (Fig. 4, bottom part) . The whole polymer chain is produced at once. The arrangement of monomer molecules presented in Fig. 4 (upper part) is suitable for the polymerization. The C-C distances and the angles of the C-C-C bonds in a just formed polymer chain in situ, however, are not as they should be in the normal conformation of a polymer chain. Hence, the in situ formed chain is like a stressed and strained spring. The transition to the normal conformation occurs upon formation of the chain. The stress and strain are relaxed. The chain is detached and removed from the support making its surface free for subsequent monomer adsorption. Since the polymer is not soluble in the polymerization media, the support particles are surrounded by polymer. Inhomogeneity of the Mt oxidation state, i.e., inhomogeneity of the Mt electrical charge distribution over the surface of support, is the driving force for polymerization. Monomer adsorption and polymerization is a device for charge percolation between Mt +4 and Mt +2 , thus homogenising the oxidation states of the Mt ions.
Mt +2 and Mt +4 are deactivated by oxido-reduction during monomer polymerization. Polymerization is not possible without this kind of deactivation, which is not possible without polymerization of the monomer. (Similar electron transfer reactions between two transition metal ions by a ligand bridge, which include transition metal oxido-reduction and chemical transformation of the ligand bridge, are described in inorganic chemistry as mutually interdependent acts, neither of which is possible without the other. 55 In the case of olefin polymerization, the bridging group is a monomer cluster between two Mt ions.) Both components (Mt and monomer) are chemically changed. Both are reactants. Not one of them is a catalyst.
The support plays a very important role. It offers sites to bring both components together, by immobilization of the Mt and by monomer adsorption. The support enables both reactions (oxido-reduction of the Mt and polymerization of monomer) to be merged and performed at the same location, simultaneously, in a common process. At the same time, the support is not changed chemically as the result of these processes. Furthermore, once both reactions are completed, the sup- port becomes free for subsequent immobilization of the Mt and monomer adsorption. The support is the catalyst for both processes.
For a successful polymerization, the following conditions 4 should be fulfilled: 1. Existence of acceptors and donors (e.g., alkylated transition Mt atoms in a higher and Mt in a lower oxidation state, respectively), both of them immobilized on the support. This is achieved by the oxidation or reduction of the transition Mt during the preparation and/or activation processes.
2. A monomer capable of being adsorbed on the support, of being inserted in the vacancies of donors and acceptors and of bridging the distance between them by p-bonds.
3. A support capable of immobilizing the donors and acceptors, of adsorbing monomers and of enabling the simultaneous oxidation-reduction of donor and acceptor and monomer polymerization.
The purpose of this article is to explain only the oxidation states of the transition metals that have been used in this process. The fundamentals of the charge percolation mechanism, the percolation processes occurring during the polymerization, as well as many other experimental and computer simulation evidences, elaborated by our research group, have been presented elsewhere. [3] [4] [5] [6] 
COMPATIBILITY OF THE CPM WITH EMPIRICAL FINDINGS
The CPM is correct if it is compatible with hitherto empirical experience and experimental results achieved since the discovery of ZN polymerization. The empirical findings for the processes described in the previous sections will be presented here and enlightened by the CPM (Figs. 3 and 4) . Most of the findings and statements are presented in this section as they were written in the original references.
Transition metal alkylation and vacant orbital formation
Akylation and vacant orbital formation (Reaction 1) are well known processes which have been extensively described in the literature. 1 The CPM is quite compatible with these findings and includes them. The vacant orbitals are necessary to coordinate the terminal molecules of the monomer cluster to the acceptor (Mt +4 ) and donor (Mt +2 ) (Fig. 4 ). An alkyl group is necessary to supply a proton, which has to be transferred to the terminal monomer, and to supply an electron for the reduction of the acceptor.
Inhomogeneity of transition metal oxidation state in the absence of monomer
Transition metals can exist in several oxidation states, ranging from low to middle and to high positive level. Usually, the initial oxidation state of a Mt precursor is at a high or at a low level,. Depending on the initial oxidation level, the inhomogeneity of the oxidation states is produced by the reduction or oxidation of some precursor during the various preparation and activation processes. Some examples are presented below.
ZIEGLER-NATTA POLYMERIZATIONS
The reduction of TiCl 4 to TiCl 3 and TiCl 2 by alkylaluminium compounds (Reaction 3) is widely described in the literature. 1, 14, 21, [56] [57] [58] [59] [60] [61] [62] [63] Not only a reducing agent, but also ball milling, usually performed during the preparation of Mt active centres results in oxidation state inhomogeneity, 64 e.g., Ti +2 is simultaneously reduced to Ti 0 and oxidized to Ti +3 .
The reduction of VCl 4 to VCl 3 and VCl 2 by alkylaluminium compounds has also been described. 1, 62 Also, ageing is connected with the reduction of vanadium to the +2 oxidation state, 65 e.g., VOCl 3 is rapidly reduced to a valence state below +3.
Titanocenes are reduced from Ti +4 to Ti +3 and Ti +2 , presumably by the trimethylaluminium which is present in MAO. [66] [67] [68] [69] [70] [71] It has been suggested 71 that the active species is a complex of Ti +2 , obtained by the reaction of CpTiX 3 with MAO.
Zirconocenes are reduced from Zr +4 to Zr +3 during activaton, but Zr +2 , if it is present, could not be detected by the EPR method. 68, 72 Cp 2 Zr +2 complexes and Zr +2 hydrides are known. 73 It was suggested that the very reactive 16-electron (olefin)bis(h-cyclopentadienyl)zirconium (+2) complexes might play a vital role in catalytic conversions, such as oligomerization of alkenes. 74 Hence, CpTi +2 and CpZr +2 complexes are considered as catalytically active species in polymerization. 71 Molybdenum oxide-alumina catalysts were calcinated at about 500 ºC and then reduced in the presence of CO or H 2 at about 450 ºC. The reduction partly converted molybdenum to a valence below +6. 1, 75 The large amount of MAO provokes the reduction of chromium acetylacetonate -Cr(acac) 3 probably to Cr +1 , Cr 0 , producing insoluble species. 76 CrO 2 Cl 2 and CrO 2 (OR) 2 are mildly active if SiO 2 and aluminium alkyl are absent. 1 Upon addition of SiO 2 and an organoalumina compound, the Cr components were reduced in valence below the hexavalent state and a substantial increase in activity was obtained. However, if only aluminium alkyls were added to the chromate in the absence of silica, only a feeble catalyst for ethylene polymerization was found.
Cr 2 O 3 is activated by oxygen and partially oxidized 9 from Cr +3 to Cr +6 . Cr +6 is stabilized on silica through the formation of mainly chromates. Active sites are formed by reduction of hexavalent chromium centres (which were linked to the support) producing coordinatively unsaturated Cr +2 surface compounds. 1 A chromium catalyst supported on a silica-containing base has mixed valence states, i.e., valences +2, +3, +4, +5 and +6 have been established. 1, [77] [78] [79] [80] The single most disputed point concerning the Phillips Cr/silica polymerization catalyst, since its development in the early of 1950s, is that every valence state from Cr +2 to Cr +6 has been proposed as the active species, either alone or in combination with another valence. Some workers suggested 1 that the catalyst must have Cr in two valence states to be active, and it must contain at least some Cr +6 .
Chen and Marks 71 noticed that the reduction of the Mt +4 centre by MAO or trialkylaluminium to a lower-valence species is a common phenomenon, especially for titanium complexes and sometimes for zirconium complexes. They con-sidered that these reduction processes are not deactivation but rather part of the generation of the true active species for polymerization. For many important transition metals, for example Ti, V and Cr, more than one oxidation state leads to an active catalyst. 1 It is noted, 1, 22, 60 however, that low reduction as well as over reduction of Ti +4 species result in low polymerization activity.
Hence, it can be generalized in all cases that the preparation and activation of Mt precursors produce an inhomogeneity of the oxidation states. The CPM is quite compatible with these findings and includes them. Reaction 3 in Fig. 3 presents the reduction processes. A similar scheme can be made for the oxidation processes.
Change of transition metal oxidation state in the presence of a monomer
According to the CPM, deactivation of the active centres and monomer polymerization are merged and occur simultaneously in a common process (Figs. 3 and  4 ). There are several predictable consequences, (a) through (d), concerning the effects of monomer addition on the oxidation states of a Mt:
(a) Deactivation of active sites should be second order with respect to the Mt concentration: There are many experimental findings showing that the deactivation is second order for metallocenes, as well as for TiCl 4 /MgCl 2 systems. 2, 12, 14, [81] [82] [83] [84] [85] [86] [87] The simultaneous deactivation of two adjacent active centres at the surface of the support is proposed. 82 Second order deactivation with respect to active sites works better than first order deactivation. 87 (b) Deactivation should be assisted by monomer: It has been confirmed that the deactivation is assisted by monomer 2, 57, 82, 83, 88, 89 which makes a bridge between two active centres, but a bridge of single monomer was proposed. The deactivation rate increases with increasing polymerization rate. 90 (c) The concentrations of acceptor (Mt +4 ) and donor (Mt +2 ) should decrease, but Mt +3 should increase with polymerization time: the addition of the monomer to an active system often significantly increases the quantity of Ti +3 , Cr +3 or Zr +3 present. 12, 13, 57, 81, 82, 84 There is a deep reduction of Ti +4 ions to a low valence inactive state. 29, 91 Also, the process of alkylation of Ti +2 ions with ethylene monomer is regarded 92 as an oxidative addition with an increase in the oxidation number of the titanium ion to Ti +3 .
A very precise method for the determination of Ti +2 , Ti +3 and Ti +4 was developed by Chien, Weber and Hu. 57 They used TiCl 4 /MgCl 2 as a procatalyst. In order to obtain a meaningful titration analysis of the Ti +n concentrations during a polymerization, decene was selected as the monomer because polydecene is soluble in n-heptane at 50 ºC. The polymerization was performed only to a low polymer yield in order to retain the solubility of the polydecene. Hence, only a slight decrease of Ti +2 and Ti +4 and a slight increase of Ti +3 during the polymerization should be predicted by the CPM. Indeed, Chien et al. noticed such slight changes (Fig. 5) . They also concluded that the catalyst deactivation was assisted by monomer.
(d) The concentration of Mt +3 should correlate with the polymer yield: According to the CPM (Figs. 3 and 4) , the polymer yield should correlate with increasing Ti +3 and decreasing Ti +2 and Ti +4 concentrations. This was confirmed 69 in the case of styrene polymerization using four different titanocene/MAO systems (Fig. 6) .
Polymer structure formation
The most important characteristics of polymer structure are the number and weight average molecular masses (i.e., M n and M w , respectively), the molecular weight distribution (i.e., MWD, usually represented as the ratio M w /M n ) and the stereoregularity of the polymer chain. According to the CPM, a polymer chain is formed by the polymerization of organized monomer molecules adsorbed on the support between Mt +2 and Mt +4 . Hence, M n , M w and MWD depend on the actual average distance between Mt +2 and Mt +4 on the support, while the stereoregularity depends on the type and the degree of organization of the monomer molecules at the moment of their enchainment. The degree of polymerization is equal to the number of monomer molecules which make the bridge between Mt +2 and Mt +4 . The CPM can be used to explain the origin of the structural characteristics and to predict the effects of the poly- The theoretical explanations, the predictions and the empirical evidences on the effects of monomer organization on polymer structure, including the stereoregularity, are extensively explained for ZN polymerization, as well as for other polymerizing systems. 4 
CONCLUSIONS
A charge percolation mechanism (CPM) of olefin polymerization by transition metal (Mt) complexes is quite compatible with the published experimental data. According to the CPM, it can be concluded that: (1) The transition metal is not a catalyst but a reactant undergoing oxidation-reduction processes and thus enabling monomer polymerization; (2) The monomer is a reactant, the polymerization of which enables the oxido-reduction of the transition metal; (3) The support behaves as a catalyst which enables the simultaneous occurrence of both processes.
The answers to the open questions mentioned in the introduction should be searched for in the realms of the CPM. The active centers are ensembles of Mt +2 and Mt +4 , the later is alkylated by alkyl aluminium compounds or by monomer. The support plays a catalytical role. Full polymerization activity is observed if the support/Mt ratio is high, since then the average distance between Mt +2 and Mt +4 is high, i.e., more monomer are involved in the cluster that bridge them. (A more detailed explanation has been presented elsewhere 4, 6 ). The rate equations could not correlate to the insertion mechanism, i.e., a different approach should be undertaken according to the CPM. The roles of electron donors, hydrogen, MAO and other components can be better understood by the CPM approach, which will be presented in subsequent articles of this series. Oksidaciono stawe aktivnog centra prelaznog metala (Mt) je najproblemati~ni-je pitawe kod Cigler-Nata polimerizacije. U ovom radu su prikazane i prodiskutovane promene oksidacionog stawa aktivnog centra na osnovu mehanizma polimerizacije perkolacijom naelektrisawa. Atomi prelaznog Mt mogu da postoje u razli~itim oksidacionim stawima i lako mogu da prelaze iz jednog stawa u drugo prilikom aktivacije pri~emu nastaju atomi metala u razli~itim oksidacionim stawima, tj. Mt +(n-1) , Mt +(n) do Mt +(n+1) . To dovodi do neujedna~ene raspodele naelektrisawa na povr{ini nosa~a. Postoji sklonost ka ujedna~avawu oksidacionih stawa prenosom naelektrisawa od Mt +(n-1) (donor) do Mt +(n+1) (akceptor). To se ne mo`e ostvariti jer su atomi Mt veoma udaqeni jedan od drugog na nosa~u. Me|utim, molekuli monomera se postepeno adsorbuju na nosa~stvaraju}i grozdove sa nanizanim p vezama koje grade most od akceptora do donora. Kada je most zavr{en (moment perkolacije), ostvaruje se prenos naelektrisawa. Izjedna~uju se oksidaciona stawa donora i akceptora uz istovremenu polimerizaciju monomera. Polimerni lanac se desorbuje sa povr{ine nosa~a osloba|aju}i je za adsorpciju narednih molekula monomera. Ceo proces se ponavqa oksido-redukcijom drugih donora i akceptora. 
